In an attempt to assess possible discomfort in rats subjected to orbital puncture while under diethylether anaesthesia, their endocrine stress response was determined. Concentrations of corticosterone, adrenaline and noradrenaline were measured in plasma obtained via a jugular catheter from rats subjected to diethyl-ether anaesthesia with or without orbital puncture. No statistically signifi. cant differences were found between the punctured and non-punctured rats as to peak levels of plasma corticosterone and adrenaline as weJl as for the times required by the increased concentrations to return to baseline values. The rate by which the plasma noradrenaline level returned to baseline values was somewhat decreased by orbital puncture. Diethyl-ether anaesthesia alone produced a marked endocrine response when compared with handling and novelty stress associated with the induction of anaesthesia. It is concluded that diethyl-ether anaesthesia causes pronounced increases in the plasma levels of the selected stress hormones and that orbital puncture does not amplify this response. It is suggested that diethyl-ether anaesthesia masks any effects of orbital puncture.
Orbital puncture is a technique used frequently to collect blood from the orbital venous plexus in rats (Angelov et al., 1984) . In the Netherlands, diethyl-ether is used almost exclusively to anaesthetize rats from which blood samples are to be taken by orbital puncture (Baumans et 01., 1988) . However, this technique is controversial, particularly due to arguments of emotional nature (Baumans et al., 1988) . To gain more objective information about the physiological effects of orbital puncture in rats under diethyl-ether anaesthesia, behaviour after puncture was measured (Beynen et 01., 1988b) and punctured rats were examined clinically (Beynen et 01., 1988a) . Apart from a slightly higher incidence of enophthalmus in punctured eyes, no effects of orbital puncture could be detected. Discomfort in laboratory animals can also be assessed with the use of hormonal indicators of stress (Natelson et 01., 1987) . A number of previous studies have shown that plasma catecholamines and glucocorticoids, as well as substances regulated by them, are very sensitive to the degree of physical and emotional stress in rats (Gartner et 01., 1980) . In the present study, the time course of plasma levels of adrenaline, noradrenaline and corticosterone in rats punctured while under light diethyl-ether anaesthesia was compared with that in rats which were anaesthetized only. It is well known that diethylether anaesthesia causes a pronounced endocrine stress response in rats (Gartner et 01., 1980; Hashimoto et 01., 1989) . Thus, the question addressed was whether or not orbital puncture would cause an endocrine stress response not masked by the anaesthesia and/or lasting longer than the anaesthesia.
Materials and methods

Animals and housing
Twelve male, conventional Cpb:WU rats (Hsd/ Cpb, Zeist, The Netherlands), weighing 325-400 g, were used. At a weight of 275-300 g, a silicon catheter with internal diameter of O· 5 mm was placed into the entrance of the right atrium via jugular venotomy, as described by Steffens (1969) . As from the day of cannulation, the rats were housed individually in perspex cages (25 X 25 X 30 cm) with a mesh-wire top. The cages were placed in a climatized room (temperature, 19-23°C; relative humidity, 50-600/0) and fixed day-night rhythm (light from 0800 to 2000 h). Food (RMH-B®, Hope Farms, Woerden, The Netherlands) and tap water were provided ad libitum.
Experimental design
Control and test treatment. Prior to this study, the cannulated rats had been used in behavioural experiments, implying that they were used to handling and to the blood sampling procedure. The animals were randomly assigned to either the test group (orbital puncture under diethyl-ether anaesthesia; n = 6) or control group (diethylether anaesthesia; n = 6). Anaesthesia without or with orbital puncture was performed in a room adjacent to the animal room. Test and control animals were treated in alternating sequence. From each rat 9 blood samples of 500 JLlwere collected via the jugular catheter at selected intervals. Immediately after sampling, the blood removed was replaced by an equal volume of heparinized blood obtained earlier from cannulated donor rats of the same strain. From the test rats an additional blood sample (1 ml) was taken by orbital puncture; the blood removed was not replaced.
Sham anaesthesia. In order to establish baseline values of plasma hormones and to assess the endocrine response to handling and novelty stress associated with anaesthesia, all rats were first van Herck et al.
subjected to sham anaesthesia.
Basal blood samples (t = -1 min) were collected between 0830 and 0900 h from each rat while in their home cages. Then, each animal was removed from its cage and sham anaesthetized (1 = 0), i.e. placed for 2 min in a perspex box (15 x 15 x 25 cm) through which environmental air was flushed. Directly after sham anaesthesia, blood was collected (1 = 3 min) and the rats were placed back into their cages in the animal room; at t = 15 min, blood was collected while in their home cages.
Diethyl-ether anaesthesia. Ninety minutes after sham anaesthesia, blood was collected (t = 90 min) from each rat while in its home cage. Then, each animal was put under diethyl-ether anaesthesia by placing it in the perspex box into which air was flushed that had been led through a bottle containing diethyl-ether mixed with water. The animals were removed from the perspex box as soon as the corneal reflex had disappeared.
Orbital puncture. Rats of the test group were subjected to orbital puncture while under diethylether anaesthesia. An experienced animal technician penetrated an intact, heparinized Pasteur's pipette through the conjunctiva of the medial corner of the eye. The pipette was gently rotated as it was advanced through the conjunctiva, and as soon as blood appeared in the pipette, it was held still. One millilitre of blood was collected. After removal of the pipette further bleeding was prevented by pressing cotton wool on the medial corner of the punctured eye. Subsequently, blood from both the test and the control group was collected by the catheter at various time intervals after diethyl-ether anaesthesia: immediately (t = 93 min), 15 min (t= 105 min), 1,5 h (t= 180 min) and 22·5 h (t = 24 h). Sham anaesthesia, true anaesthesia and orbital puncture were performed between 0900 hand 1100 h on 1 day.
Chemical determinations
The blood samples were processed immediately after collection. Blood (0' 35 ml) was transferred to chilled (O°C) centrifuge tubes containing 8, 5 JLlof a heparin solution (500 lV/ml) as an 
Results
Compared to the baseline values at t = -1 min, sham anaesthesia caused a significant (P< 0'05) increase of the plasma levels of adrenaline and noradrenaline at t = 3 min (Fig. 2) . Plasma corticosterone was not increased at t = 3 min, but at t= 15 min there was on average a 6-fold increase (Fig. 1) . The corticosterone values had returned to baseline values at about I . 5 h after sham anaesthesia (I = 90 min), but for adrenaline and noradrenaline it only took about 12 min (1= 15 min). The plasma glucose level (Fig. 3) was slightly increased by sham anaesthesia and returned to its baseline level within 87 min after sham anaesthesia (t = 90 min).
Diethyl-ether anaesthesia caused similar increases of the plasma levels of adrenaline and 
Statistical analysis
The response-time patterns of the plasma constituentswere evaluated by use of the three-way analysis of variance (ANOVA), with puncture treatment as between-subject factor (2 levels; i.e. punctured and non-punctured), manipulation as repeated measures within-subjects factor one (2 levels; i.e. handling and diethyl-ether anaesthesia) and sampling time as repeated measures within-subjects factor two (4 levels). The multivariate model was used for the repeated measures factors. Further analyses were made by anticoagulant; the plasma obtained was used for the determination of noradrenaline, adrenaline and corticosterone. The rest of the blood was put into tubes containing sodium fluoride; the plasma collected was used for the measurement of glucose. Noradrenaline, adrenaline and corticosterone were measured as described (De Boer & Van der Gugten, 1986) . Glucose was measured enzymatically using the kit (Unit-Kit II®, glucose HK) purchased from Roche (Mijdrecht, The Netherlands). noradrenaline as did the sham anaesthesia. However, the increase of plasma corticosterone was more pronounced.
Baseline levels of adrenaline and noradrenaline were regained within 1· 5 h (I = 180 min). For corticosterone it took more than 3 h after diethyl-ether anaesthesia.
Plasma glucose was slightly increased by anaesthesia and reached baseline values at t = 270 min, but tended to be elevated at t= 24 h.
For corticosterone, adrenaline and glucose there was no significant difference between the plasma levels of the punctured and the nonpunctured group. The plasma level of noradrenaline, however, was significantly higher in the punctured than in the non-punctured group at about 15 min after diethyl-ether anaesthesia (t = 105 min).
The plasma levels of corticosterone, adrenaline, noradrenaline and glucose measured in the samples obtained by orbital puncture did not differ significantly from those measured in the samples obtained about 3 min later (t = 93 min) via the catheter.
Discussion
As expected, sham anaesthesia caused a rise of plasma adrenaline, noradrenaline and cortico-van Herck et al.
sterone. However, the rise was well within the daily variations of these plasma hormones (De Boer & Van der Gugten, 1986) . Diethyl-ether is known to cause a marked stress response (Gartner et al., 1980; Hashimoto et al., 1989) .
Sometimes it is even used as an experimental stressor (Gartner et al., 1980; Hashimoto et al. , 1989) . Indeed, plasma corticosterone concentrations after diethyl-ether anaesthesia were 2-fold higher than after sham anaesthesia, and values of about 35 p.g/dl can be considered very high (De Boer & Van der Gugten, 1986) .
When comparing the test group (orbital puncture plus diethyl-ether anaesthesia) with the control group (diethyl-ether anaesthesia alone), no major differences in plasma hormone status could be detected. However, orbital puncture caused a diminished rate of regression of plasma noradrenaline. Possibly, tissue damage by orbital puncture caused an extra increase of plasma noradrenaline which was superimposed on that caused by diethyl-ether anaesthesia.
There is evidence that tissue damage causes a release of mediators which might induce an increase of noradrenaline rather than of adrenaline (Trachte & Stein, 1988; Berkenbosch et al., 1989) .
The present results clearly show that orbital puncture in rats while under diethyl-ether anaesthesia does not cause an endocrine stress response superimposed on that induced by the anaesthesia. Most likely, the massive stress response elicited by diethyl-ether anaesthesia masks any effects induced by orbital puncture. Thus, in order to assess the endocrine stress response to orbital puncture per se, anaesthetic techniques with a relatively mild stress response should be used. Concerning the question of discomfort induced by orbital puncture under diethyl-ether anaesthesia, it could be argued that one should focus on the anaesthesia rather than on the orbital puncture.
